East Tennessee State University

Digital Commons @ East Tennessee State University
Appalachian Student Research Forum & Jay S.
Boland Undergraduate Research Symposium

2022 ASRF Schedule

Apr 7th, 9:00 AM - 12:00 PM

The Development of a Hybrid Ergonomic Walker for a Patient
Suffering from Multiple System Atrophy Cerebellar Type I
Eseosasere Stephany Erhabor
Samia Afrin
East Tennessee State University

Richard Prince
East Tennessee State University

Bill Hemphill
East Tennessee State University

David Zollinger
East Tennessee State University

Follow this and additional works at: https://dc.etsu.edu/asrf

Erhabor, Eseosasere Stephany; Afrin, Samia; Prince, Richard; Hemphill, Bill; and Zollinger, David, "The
Development of a Hybrid Ergonomic Walker for a Patient Suffering from Multiple System Atrophy
Cerebellar Type I" (2022). Appalachian Student Research Forum & Jay S. Boland Undergraduate Research
Symposium. 25.
https://dc.etsu.edu/asrf/2022/schedule/25

This Poster Presentation is brought to you for free and open access by the Events at Digital Commons @ East
Tennessee State University. It has been accepted for inclusion in Appalachian Student Research Forum & Jay S.
Boland Undergraduate Research Symposium by an authorized administrator of Digital Commons @ East
Tennessee State University. For more information, please contact digilib@etsu.edu.

THE DEVELOPMENT OF A HYBRID ERGONOMIC WALKER FOR A PATIENT SUFFERING
FROM MULTIPLE SYSTEM ATROPHY CEREBELLAR TYPE 1
Author: Eseosasere Stephany Erhabor

INTRODUCTION
Multiple system atrophy (MSA) is a progressive neurodegenerative disease
which has two main types: multiple system atrophy parkinsonian type (MSA-P)
and multiple system atrophy cerebellar type (MSA-C). In cases where patients
exhibit predominantly parkinsonian features, it is regarded as MSA-P and if
cerebellar features predominate, it is regarded as MSA-C. The patient currently
suffers from MSA-C Type 1 which is the rarer form of MSA that results in the
shrinking of the portion of the brain directly above the spinal cord. Despite
recent efforts to study MSA, there has been limited research into the
pathobiology of the cerebellar variant. This is particularly due to the difficulty in
distinguishing early stages of the disease from other kinds of cerebellar ataxia.
The average age group diagnosed with the disease are those within the ages of
55 to 60 years with the incidence of the disease being 0.6 to 0.7 cases per
100,000 population [1]. The goal of several clinicians and researchers has been
focused on identifying clinical features, imaging, and other biomarkers that may
be useful in predicting and distinguishing it from other sporadic and adult-onset
ataxias [2]. Aside from this issue, treating MSA-C is equally complicated because
there are not enough cases to study the disease. The small sample size for
clinical trials and the similarities in the symptomatology of the disease has
made specified treatment limited.
The patient is seeking a suitable mobility device that would efficiently assist him
with his daily activities. Currently, the disease greatly impairs his motor
functions and interferes with his walking pattern, giving him a rightward gait. He
currently uses the UPwalker H200 to aid with his movements, but the
degenerative nature of the disease will soon make the device incapable of
providing the much-needed support he requires. When studying the progression
of the disease, Hirohisa Watanabe et al. discovered that the median intervals
from onset to requiring aid while walking, being confined to a wheelchair, being
bedridden, and dying were 3, 5, 8 and 9 years respectively [3]. The patient is still
in the first stage of the disease, but he has already shown significant ataxia
symptoms which will only worsen. Presently, the patient frequently falls while
using the Upwalker H200. This will only get worse as time goes on since the
walker is not suitable for his condition. Thus, the goal of this project is
developing a hybrid ergonomic walker with the necessary features to improve
the quality of the patient’s life while ensuring his safety.

DISCUSSION
There are limited studies regarding MSA-C, but even the studies done on various
kinds of ataxia and mobility related diseases reveal a need for advancement in
the technology used for such diseases. Still, MSA-C is not particularly limited to
ataxia, but also includes several other symptoms that require extra attention to
provide patients with the best possible care. According to research done by Juan
Fernando Ortiz, ataxia is seen in all patients suffering from MSA-C compared to
54% of patients suffering from MSA-P [1]. Unfortunately, due to this, the disease
often gets mixed up with similar disorders like late-onset cerebellar ataxia and
sporadic adult-onset ataxia. This makes it even more difficult to study the
disease. It is usually differentiated from other similar disorders when
parkinsonism and orthostatic symptoms are noticed in the patient. As can be
observed in the patient, cerebellar dysfunction usually affects the patient’s gait,
limb co-ordination, eye movement, and speech.
The patient expressed his disappointment with commercially available mobility
devices currently on the market when accommodating his special needs, but
apparently, the issues apply to an even larger population. Not only patients with
ataxia, but even several members of the aging population are dissatisfied with
their mobility devices. Even though many seniors agree to use a cane or walker,
using these devices does not even guarantee a safe walk [4]. Common
complains about these devices include bad braking systems, uncomfortable
seats, restrictive frames, and even causing the users to fall. In summary, just like
in the patient’s case, the mobility devices on the market are incapable of
providing these individuals with the much-needed help required to accomplish
daily tasks.
The most pressing issue with these mobility devices is the fact that they cause
falls. When it comes to older people, it is important to prevent their fall altogether
as they no longer possess the reflexes to protect themselves nor the recovery
speed to recuperate. Depending on various factors, falls could result in a range of
no injury to severe injuries. According to a study conducted by Jorge Guiterrez,
when an elderly person falls, there is a large possibility of having fractures in the
hip, leg, or arm due to osteoporosis [5]. In the worst-case scenario, it could lead to
death by severe fractures or head trauma due to an impact with an object or the
ground. There are multiple consequences of a fall such as hospitalization, loss of
independence, costs, death, as well as the impact on the victim’s family [5]. In
Canada, it was found that falling while walking is the second leading cause (29%)
of hospitalization in all ages and accounts for 62% of hospitalization among
seniors [4]. The elderly are already predisposed to falls due to their body
weakness and deteriorating motor skills, thus it is counterintuitive that a device
meant to assist their movement would pose an even greater risk to their health.
In the case of walkers and rollators, these falls are sometimes induced by the
braking system of the device. According to interviews and research conducted by

Stephen Siu et al., the elderly are prone to falling because of their dependence on
memory to activate their walker’s parking mechanism and the inability of the
device to effectively park when the braking mechanism is engaged [4]. Most
rollators and walkers including the Upwalker H200 use braking systems quite
similar to that of bicycles in which considerable physical effort is needed to
control speed and stopping. Such a system is not suitable for individuals lacking
arm strength. It makes using such devices even more difficult.
Currently, the patient uses the Upwalker H200 which he discovered suits him the
best after trying several other walkers. The UPwalker H200 is one of the
commercially available options for the elderly and the mobility challenged. It
helps the user stand upright and maintain their posture and stability while
reducing pain in the legs, back, hands and wrists [6]. The UPwalker company
claims their product helps with the treatment and mobility of people with
orthopedic, cardiovascular, neurological, pulmonary, and other health disorders. It
includes features such as the sit-to-stand handles, drink holder, seat backrest,
and a personal bag [6].
In this case, the patient’s main concern with his walker, despite all its
innovative and assistive features, is that it is not suitable for his 6’1 frame and
occasionally causes him to trip. A study done by Narul Hamidi in 2012
indicates that collisions between the swing foot and walker were frequent with
an occurrence of more than 60% of stepping reactions [7]. Although
manufacturers try to produce walkers appropriate for a large portion of the
targeted population, the irrefutable truth is that the frame of each individual
varies greatly and is subject to change as one grows. This variation is further
exacerbated for individuals with various kinds of diseases. Their ailments
affect them in a unique way and may cause them to require special
accommodations when it comes to mobility devices.
Alternatively, there have been discussions regarding the ASBGo smart walker as
a solution to the gaps in the quality of commercially available walkers. The
appeal of the smart walker lies in its ability to incorporate the aim of fixing the
user’s gait while aiding with their movements. Results from case studies suggest
that the ASBGo smart walker gait training is a promising intervention for
improving the gait of patients with cerebellar ataxia pathology [8]. Although the
potential of the device is appealing, its operations are still theoretical and
constantly being improved to better serve the end users. Unfortunately, the sheer
cost of the device would make the product largely inaccessible to those who
really need it. Which further reinforces the need to explore the option of
customizing walkers.

DEVELOPMENT
Due to time constraints, the project was focused on improving the U-Step 2
Press Down Model designed and manufactured by In-Step Mobility Products
Corporation rather than creating a new device from scratch. The device is
specially marketed to those with neurological conditions including Parkinson’s
Disease, Stroke, Multiple Sclerosis, PSP, MSA, and ALS. Amongst all the
commercially available mobility devices, it has most of the key features the
patient needs including multi-terrace wheels, an ergonomic design, a balanced
base to prevent falls, adjustable speed, a laser cueing module, comfortable
seats, and a lightweight frame for easy transportation. Still, several adjustments
are being made to the device to properly customize it for the end user. This
includes ensuring it is suitable for the patient’s 6’1 frame, creating a suitable
control system, designing an emergency brake system to detect and stop the
patient’s falls, creating a comfortable backrest to provide the patient with
comfort when he sits, and including a separate posture correction device to
assist the patient with his posture.
Careful considerations were taken before the walker and posture corrector were
chosen based on efficiency and functionality, but safety and comfort were the
number one priority. Thus, the development process started with ensuring the
end user’s compatibility with the U-Step 2 Press Down Model before going ahead
with the development process. A few key reasons the U-Step 2 Press Down
Model was chosen are listed below:
1. The balanced base: A key desirable feature of any mobility device is the
stability of the device. All U-Step Walkers have a patented U-shaped base
designed to be ultra-stable. Aside from its ergonomic design that supports
the user in every direction, it includes a patented spring-loaded front wheel
that ensures smooth movement across uneven terrains.

Fig. 1 U-shaped base and spring-loaded front wheel
2. The weight of the device: Compared to the bulky design of most mobility
devices, the device weighs only 21 lbs while supporting a weight capacity of
375 lbs [9]. This makes the device easily transportable.
3. The braking system: Although it uses the bicycle-like braking system
commonly found in most walkers, U- Step Walkers use this system

differently. Firstly, the device must be self-propelled, and this ensures it will
not move unless a force is acted on the device. Secondly, unless the brakes
are disengaged, the device will not move. The standard model uses a
reverse braking system that will only allow motion when the hand brakes are
gripped. For those with weak to no hand strength, the Press Down Model
has a press down brake handle that disengages the brakes to begin motion.
4. Adjustability: The heigh and speed of the device can easily be adjusted to
suit the needs of the user. If for any reason there is a need to make changes
to the frame of the device, the U-Step Walkers allow for adjustments. In this
case, the speed of the device is of concern to the patient. Thus, this further
makes the device a suitable choice.

LIMITATIONS
Currently, one of the two major factors hindering the progress of the project is the
lack of information on how to properly make adjustments to the device. As there
is limited information about the disease, it has been difficult figuring out how to
make the proper accommodations the user needs. The current modifications are
based on what the patient’s party requested. Secondly, acquiring the appropriate
legal approval from the manufacturers and the school’s legal team has greatly
impaired the speed of the project. While everyone involved in the project intends
to help the patient live a more fulfilling life, the issue of legal responsibilities
cannot be ignored. Considering the fact that nothing like this has been done
before, there is a possibility that complications may occur later on despite the
utmost care being taken to develop the device. Thus, it is important that the
necessary approvals are received before the project can proceed.

RESULTS

Fig. 2 U-step 2 Press Down Model
Naturally, the goal of the project is not just limited to supporting the patient, but
also improving his conditions in whatever way possible. MSA-C greatly affects
the patient’s posture which is another area of concern. Slouching can lead to
lower back pain. To help with this, the Upright Go 2 Posture Trainer and Corrector
was selected to alert the patient when he slouches by gently vibrating. According
to the manufacturers, the devices can improve posture by 86% and 57,000 users
reported a 54% or more reduction in back pain [10]. The device is strapless,
sticks to the back and gently vibrates to remind the user to improve their
posture. This is perfect since it was requested that the patient have a device
capable of stimulating him when he slouches. The posture corrector also
connects to a smartphone app and keeps a record of the user’s posture for
progress reports. Additionally, it comes with 10 reusable hypoallergenic skin-safe
adhesives. It was specifically selected for its discrete design, nine advanced
feedback plans and smart app progress reports which support offline activity.
According to the brand, with the device, you will train yourself to start standing or
sitting straighter in as little as two weeks [10].

Fig. 3 Upright GO 2
The main modifications being done to the device are still in progress due to a few
delays. The major change to the device will be the inclusion of the emergency
braking system. This will be designed to trigger the walker’s brakes when it
determines the weight on the walker is above or below a threshold. This system
will be operated with strain gauges which will be installed into padded forearm
platforms at the hand grips. When the pressure detected is below or above the
acceptable range, the brakes will be activated, interrupting whatever state the
walker is in. Theoretically, this will allow the walker function as a safety brace
when the patient falls forward and a means of helping the patient catch himself
when he starts to fall backward. In the process of implementing this, the control
point of the walker will be shifted slightly forward, making the patient closer to
the brakes, and thereby making it easier for him to engage the brakes if needed.
Additionally, a backrest is currently being designed to make the device more
comfortable when the patient is in a sitting position. This backrest is being
customized to provide the utmost comfort to the user using his anthropometric
data. Generally, in a project like this, the anthropometric data of the end user is
the most important element to take into consideration. The primary reason
behind the accidents occurring with mobility devices is due to them being ill
fitted. This further emphasizes that without the appropriate measurements or
limits, a product may not function or may function but not as effectively as it
should be [7]. According to research done by Abdullah Yeaser in 2021, 30% - 50%
of older adults abandon their walkers soon after receiving them due to the safety
risks and difficulty to use [11]. To mitigate this issue, there is a need to pay
attention to not only the individuals the devices are being created for, but also
the environment it would be used in to ensure the functionality of the device is
not limited. Thus, the walker is being developed with the patient and his
environment in mind to ensure maximum productivity while maintaining comfort
and safety.

As expected, the patient’s party was satisfied with both devices. Thus,
immediately the necessary approvals are received, modifications will be made to
the device to better support the patient with his specific issues. The end goal of
this project is to create a hybrid ergonomic walker capable of assisting the
patient during motion while giving him the independence and confidence he
needs to carry out his daily activities safely. The following are the features the
final product will have:
1. Sufficient space at the base of the walker
2. Reasonably large wheels to accommodate different terrains
3. A suitable means of controlling the speed of the device
4. A sizeable frame to accommodate the patient’s forward posture, wide
gait pattern, and coordination issues.
5. A balanced device
6. A stable and comfortable seat
7. An innovative braking system that can easily be engaged when needed
and remain operative when not in motion.
8. A system to detect falls.
9. A separate device in contact with the user’s back to alert him when he
starts slouching.

RESULTS
Manufacturers of walkers such as the Upwalker H200 try to accommodate as many
individuals as possible by having adjustable features, but that cannot cover all the
needs of their users. Thus, the importance of customizing mobility devices comes
into play. In this case, the patient’s disease has advanced quickly, requiring the use
of a walker but none of the walkers he has attempted to use has been successful in
providing him with the safety and support he desires. The standard walker, rollator,
standard platform walker, and upright walkers have not been able to accommodate
his needs. A review of cases like this has revealed several issues observable when
it comes to mobility devices. The major problems being that they are usually ill
fitted to the end users, have inexpedient braking systems, and frequently cause
falls. Therefore, this research project explored the option of customizable mobility
devices. It was focused on developing a hybrid ergonomic walker for patients
suffering from MSA-C. So far, the devices to be used in the project have been
selected and the plans to modify the device have been finalized. The next step after
receiving the necessary approvals would be making the desired changes to the
device. The final product should be a cost-effective walker suitable for the patient
which has the necessary features to enhance the quality of his life while
maintaining his safety and independence.
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